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LOCATION BASED ROUTING FOR MOBILE AD-HOC NETWORKS 



ABSTRACT 

In an ad-hoc mobile network, a geometry -based routing algorithm (GRA) is used 
to route traffic from a source node to a destination node, in the GRA, a source node 
maintains location information and routing information for all nodes in a local area and 
approxicnstd Iocaiica lufonnutioa for a feast soiat nodes outside the local area. If the 
source node has to send a packet to a destination node outside their local area, then the 
source node uses ihe approximate location information of the destination node to identify 
which node in its local area is closer to the destination node than the source node. The 
source node then .".ends the packet to the identified local node for further routing. 
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LOCATION BASED ROUTING FOR MOBILE AD-HOC NETWORKS 

FIELD OF THE INVENTION 

This invention relates generally to communications and, more particularly, to 
wireless systems. 

5 BACKGROUND OF THE INVENTION 

An "ad-hoc" mobile network (ad-hoc network) is a wireless network that 
comprises a collection of nodes whose position!! are continuaji.y changing. Unlike a 
regular wireless network, one can view an ad-hoc network as a network with no fixed 
infrastructure. For example, all the nodes function as routers and perhaps as base stations; 

1 0 and the mobility of the nodes causes frequent changes in network topology. 

It is the varying network topology of an ad-hoc network that causes difficulty in 
applying routine, techniques used in a conventional wireless network. In the latter, the 
nodes in the network are stationary and the links connecting the nodes go down 
infrequently As ;;uch, it is possible to maintain ihf whole network topology at each node 

1 5 by sending topology-related information to .all the nodes in the network via, what is known 
in the art as, "link-state," updates. Since node? go down infrequently - link-state updates 
are infrequent - and this approach works quite well in a conventional wireless network. 
However, in an ad-hoc network link-state changes are more frequent because of the 
shifting topology, thus generating many more link-state update messages throughout the 

20 ad-hoc network - &s.d consuming valuable bandwidth in the process. Also, construction 
of consistent routing tables is difficult because of \bv delay involved in propagating link- 
state information. 

Considering these factors, routing protocols for ad-hoc networks can be classified 
broadly into two categories: "ratls-driveif 1 iiud "source initiated on-demand " Table- 
25 driven routing protocols are simihu to the above-mentioned conventional wireless routing 
approach, i.e., each node attempts to maintain consistent, up-to-date, routing information 
for all other nodes in the network. Examples of table driven routing protocols are 
"Destina.tion»Se.que!)ced-Disf.ancc«Vftctor n (DSDV) S "Clusterliead Gateway Switch 
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Routing" (CGSR), and the "Wireless Routing Protocol" (WRP) protocols. In contrast, 
source initialed on-demand rouung protocols create routing information only when a 
source node needs a route to a given destination. Examples of source initiated on-demand 
routing protocols include "Ad-Hoc On-Demand Distance Vector" (AODV), "Dynamic 

5 Source Routing" (DSR), "Temporally Ordered Routing Algorithm" (TORA), and the 
"Zone Routing Protocol" (ZRP) protocol. 

As an illustration of a source initiated on-demand protocol consider ZRP. In ZRP, 
each node maintains the whole network topology for a locaJ area, or zone, around it. As 
such, if the. node (i.e.. the source node) has to rend a packet to a destination address in the 

10 zone, that routing information is already available. However, if the source node has to 
send a packet to a destination address outside their zone, then the node initiates a query to 
all the nodes in the edge of its rone ft.e., edge nodes). If one of these edge nodes has the 
routing information for the destination address, r.hen that routing information is passed on 
back to the source node. 

1 5 SUMMARY OF THE INVENTION 

We have observed that the above-mentioned forms of ad-hoc network routing 
protocols generally require a node maintaining accurate information, in one form or 
another, about how to route to a node in regions that are far away from it. As such, if the 
number of nodes is targe and spread over a large geographical area, and if there is 

20 reasonable mobility of the nodes, getting this information becomes difficult — if not 
impractical. Therefore, and in accordance with the invention, a source node uses a 
geometry-based roudng protocol (GR?) to route traftic to a destination node. In the 
GRP, a source node routes a packet to a destination node outside of its local node 
topology (referred to herein as the local topology) as a function, of the distance to the 

25 destination nods. 

In an embodiment of the invention, a source node maintains location information 
and routing information for all nodes in a local area, or local topology, and at least 
approximate location information for at least some nodes outside the local area. If the 
source nod?, tas U: s/snd a packet ':o z. destination node in their local area, that routing 

30 information ir. already available Hoover, if the source node has to send a packet to a 
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destination node outside their local area, then the source node uses the approximate 
location information of the destination node to identify which node in the local area is 
closest to the destination nod?; ia the local topology. F.f the identified local node is 
different from the source node, the latter transmits the packet to the identified local node, 
which then attempts to route the packet to the destination node. Otherwise, the packet is 
dropped. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. i shows a portion of an ad-hoc network embodying the principles of the 
invention, 

FIG. 2 shows an illustrative local topology tabie; 
FIG. 3 shows an illustrative location table; 

FIG. 4 shows an illustrative flow chart for use in routing a packet in an ad-hoc 
network; 

FIG. S shows an illustrative routing table; 

FIG. 6 shows aii illustrative 2 -region for node 105 of FIG. 1; 

FIG. 7 shows an illustrative now chart for use in constructing a local topology; 

FIG. & shows &n illustrative direct neighbor table; 

FIG. 9 shows another illustrative location table; 

FIG. \Q shows an illustrative flow chart for use in a lazy update procedure; and 
FIG. 1 1 shows an illustrative high-level bLock diagram of a node for use in the ad- 
hoc network of FIG. 1 . 

DETAILED DESCRIPTION 

A portion of an illustrative ad-hoc network embodying the principles of the 
invention is shown in FIG. 1. Other than the inventive concept, the elements shown in 
FIG. 1 are well-known and will not be described in detail. For example, node 105 includes 
stored-program-control processors, memory, and appropriate interface cards for wireless 
communications. (The exact form of wireless transmission used, e.g., the use of carrier- 
division multiple access (CDMA), is not relevant to the inventive concept and, as such, is 
not described herein.) For the purposes of this example, it is assumed that each node of 



CA 0232*655 2000-12-18 



the ad-hoc network refers to a mobile device that allows users (mobile user stations, 
terminals, etc. (not shown)) to access the ad-hoc network and also provides routing 
functions lor packets/data traversing the network. Each node transmits an omnidirectional 
pilot signal and is capable of communicating with other nodes using a signaling protocol to 
5 transfer information, such as the earlier-mentioned link-state information, between nodes. 
(Pilots and signaling protocols are known in the art and, as such, are not described herein.) 
The omnidirectional antenna and pilot signal are part of a topology sensing scheme 
(referred to further below) which enables nodes to sense the presence of one another and 
also to exchange some information useful for making link setup decisions. In general, and 
10 other than the below-described inventive concept, the nodes use this information to decide 
which of their neighboring node.* they should have direct (point-to-point) links with and 
then proceed to establish these links. The point-to-point links are preferably supported by 
directional antennas. 



For the sake of simplicity it is assumed that all nodes with a transmission radius, r, 



15 



of node 105 are capable of communicating with node 105. 



At this point, the following definitions (ire made: 

V - represents the set of all nodes in the ad-hoc network; 

!/ Hf % h, i, j - represent various: nodes of the ad-hoc network; 

r - transmission radius for a node, i.e., all nodes within the transmission 
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radius are capable of communicating with that node; 
N(v) - represents the local tcpotogy of a node, i>; 



${v) ■- the ^neighborhood cf a node v; i.e., a local topology of node v 



where all node?, are within k hops of node v; 
& M - the minimum number of hops between a node v and a node w, where 



25 



w s N(v) \ 

N w - the next hop node from h node i> to a node \\\ where w eN(y)\ 

l(v) - represents the 'ocation. of node v; and 

B* . - represents tin; distance between two nodes, v and w\ where 
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It is 



assured that ecxh u>oe funics ;:3ir.prises global positioning system (GPS) 
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equipment (no* shown in FIG. It, as known in the art, for determining its own location (in 
two dimensions) on ths globe, in ;.C4,oi dance wah the invention, each node of the ad-hoc 
network implements a geometry-based routing protocol (GRP) (also referred to as a 
geometry-based ruining algorithm (GKA) or position-based routing) such that: 
5 (a) each node bar. its own defined local topology, (also referred to as a 

iocaU network or s. local neighborhood) (described further below) which 
may, or may not, be different than the local topologies of other nodes; 
and 

(b> each node stores location information (approximate or exact) of the 
10 nodes of the a:- 'hoc network (those nodes in the local topology and 

those nodes onv&dv. of, or distant from, the local topology). 
In other wordn, io thft GRP ?ach nock knows its local topology for a subset of 
nodes of the ad-hoc network (connectivity and location) and only location information for 
other, or distant, nodes of the ad-hoc ffiA-vork (i e„ connectivity is not known for these 
15 distant nodes). As w{.U become apparent from the description below, the GRP is capable 
of implementation using conventional programming techniques, which, as such, will not be 
described herein. 

Illustratively : FIG. 1 show? a loed topology 100 for node 105. As can be 
observed from FfO. K local topology 100 not only defines the nodes that are a part of 

20 local topology 100 but also how node 105 is connected to these nodes (i.e., a "network 
graph," or simply "graph"). U is assumed that all communications are bi-directional and 
hence the graph is undirected; and that local topology 100 is non-hierarchical. 
Illustratively, node 105 stores in. memory (not rhewn.) a local topology table (as illustrated 
in FIG. 2), which corresponds to local topology 100 and a location table (as illustrated in 

25 FIG. 3), which stores location iaformation for nodes (including nodes outside the local 
topology). As defined above, local topology 100 is representative of a 2-neighborhood 
for node 105, i.e . S*H0S) : sip.ee a« node,-; of local topology 100 can be reached from node 
105 in 2, or fewer, hop?. As uaed herein, node 105 is the reference node for local 
topology 100. 

30 As noted, the local topology table of FIG ? lists all the nodes currently in the local 
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topology for node 105 and the connection between nodss. For example, if node 105 has a 
packet to transmit to node 115. node 105 transmits the packet to the next hop node, 
which is identified as node 1 10 from, the local topology table. From this table, the total 
number of hops to get to node 115 is k « 2. This is also illustrated in FIG. 1 by arrow 

5 101 . Creation of the local topology table is described further below. 

Although node 105 is capable of communicating with all nodes within the 
transmission radius r, node 105 only communicates with nodes with which it has 
established point-to-point links (i.e.. its direct neighbors). Similarly, other nodes only 
communicate with node 105 if node 105 if, their direct neighbor In other words, nodes 

10 are preferably connected as point-to-point wireless links that gives rise to a 
k-neighborhood for a node, which is referred to herein as the (oca) topology for that node. 
(Also, as noted above, it. is possible to use directional anteraaae and focused beams to 
communicate between the neighbors in the graph — thereby increasing the capacity of the 
system.) 

15 Since each node has its own local topology and location information for nodes 

(including those outside it Local topology), the GRA is defined as follows. Let / be the 
destination address (of a destination, or end, node) of a. packet that arrives at a node v, 
which has a local topology, N(v). In accordance with the GRA. if / * v, node v 
determines: 

20 v Kara mill D w ; ( 2 ) 

where nods v forwards the packet to node W w unless vv = v (i.e., the 
reference node itself is the closest node) in which case the packet is 
dropped. 

Using the GRA, the pasket, in etfbct, migrates from local topology to local 
25 topology until reaching that local topology within which the end node resides. 

In thu ccmifttt of FIG. i. tJie GRA is illustrated as follows, and as is shown in the 
flow chart of FIG. 4. Assume that node 105 (the source node, v, of equation (2)) receives 
a packet {not shown) for transairssioi; t? ncvJe 205 (die end node. /, of equation (2)) in 
step 405 of FIG 4. Nr/ls !0S searcbs! its !rcal mpo!ogy -*bk to see if node 205 is a part 
30 of its local topologs in r.te-p 4i0. if it is, node 105 simply sends the packet to the next hop 
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node identified in its loca! topology table in seep 415. On the other hand if node 205 is not 
a part of the local topology for node 105, node 105 performs the geometry-based routing 
protocol in step 420 to identify the closest node, in its local topology', to node 205, In 
particular, node 105 performs equation (?) for all nodes that are a part of its local 
5 topology 100 Node i 05 evaluate* the dis£a««e from node 205 r.o each node in its local 
topology \00 (using equation (1) and the location information from the location table 
shov/n in FIG. 3). This is illustrated in FIG. 1 by three dotted line arrows Duo. 20$, Dfos. 
20s, and Dno -jus. which correspond to the distance calculations of equation (I) between 
nodes 140 and 205, 105 and 205. and 150 and 205 (the other distance calculations for the 

10 remaining node? of loca! topology 100 are not shown). Once the closest node is 
identified, node 105 sends the packet to that node of local, topology 100 that has the 
minimum distance to node 205, e.g., here assumed to be node 140. Node 105 routes the 
packet to node S40 via the local topology table, in step 415 of FIG. 4 (i.e., the packet is 
sent to ths next hop node 130 as indicated in the local topology table of FIG. 2). As 

15 should be readily apparent, the next hop node then performs the GRA using its local 
topology table. (Although not shown in the flow chart of FIG. 4, suitable error conditions 
can also be added to process the packe t in certain situations. For example, if there is no 
location information for node 205 in the location table, the packet is dropped.) 

In the application of the GRA within a local topology it is important to ensure that 

20 there are no 'loops" in *Jie routing. possible cause of a loop in the GFA routing is 
the situation where two code:; are tb? some distance from the destination node. As such, 
an alternative to equation (2) is equation O), below: 

vSfers min D..5&H XU : 0) 

-irtr(v) " 

where it is assumed that t is a vary small number. The implication of z is that if 
25 there are two nodes whose distance to the end node is the same, then the tie is broken in 
favor of the node that is closer to 11 in terms i:-f hop count. 

Also, rattier thaa making routing calculations; on»the-fly as packets arrive at a node 
as illustrated in FIG. a routing cable can be constructed a priori using the calculations 
described eariitr aad packet routing decisions can be made on the basis of the entries in 
30 the routing tack. :kii;h r\ illustrative routing taole is shown in FIG. 5. This routing table 
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uses the information from, both the local topology table illustrated in FIG. 2 and the 
location table illustrated in FIG. 3, along with the above-described routing calculations 
(e.g., equation (3)). Using the same example above, and as illustrated in FIG. 5, a packet 
received at node 1 05 and destined for node 205 is routed to node 130 according to the 
5 routing table entry. 

As described above, es.ch node has its own local topology. A method for 
constructing such local topologies is described below. 

As noted above, S k M is a ['.-neighborhood of a node, i.e., the set of nodes that are 
within k hops of that node. The following additional definition is made: 
10 R li M - the k-region of a node v, which is the set of points in the two 

dimensional Diane that ere closer to node v than tc any other node in 

Note i:kat R'M is constructed as follows. Assume that all nodes are positioned at 
their respective locations on the plane. Draw a straight line joining node v to some 

15 node u <= 5*(ty. Construct, the perpendicular bisector of this line. This perpendicular 
bisector reoresems a half plane whesre node v lies in one half space. Let this half space be 
represented by P w . Nets that if noria w e then * is closer to v than to w. This 
process of constructing .K< is repeats*! for svery v •= SYv), and /*YyJ is the intersection of 
the half-spaces It can be shown that there is loopless delivery of packets using GRA if, 

20 and only if, vherf; b no ncie v ?. : V fc; which there exists a »• «s? F such that w e /?*(V/ An 
illustrative example of a twegicr; for node 105 of FIG. I ls shown in FIG. 6, which in this 
example is a '1 region t R\'!05). GWeai -:hi> condition, a flow chart of a method for use in a 
node for computing a local topology is shown in FIG. 7 . 

It ih assu.cn.sd that each nodi* of the ad-hoc network performs the method of FIG. 7 

25 every second to oon;bu;;]iy update, or create, ris local topology anew. (Faster, or slower 
rates may be used donendiag on the mobrJity of the nodes of the ad-hoc network.) At a 
high level, each node fir:r: constructs point-to-point links to a subset of nodes within 
hearinp distance using location taibraatir.n - thus, determining its direct neighbors 
(repres.en.ted by steps 605 and 610V Th.es each node propagates its direct neighbor 

30 information thro?:?h limhnd flooding to finable ?aeh node to construct its k-neighborhood y 
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Sf(y)> for a prede&ueo value of k as represented by step 615. (As noted above, it is 
presumed thai, each node, uses the same value of A.) Thus, a locaJ topology is formed for a 
reference nock-. 

In particular, each node umss a topology sensing scheme in step 605. [n this 
5 topology sensing scheme, each node periodically (or continually) broadcasts an 
omnidirectional pilot wgnai modified to additionally convey location information to any 
node within its transmission radium r (As noted above, it is assumed that two 
dimensional GPS coordinates are provided by rt&eh transmitting node and it is these two 
dimensional GPS coordinates additionally transmitted in the pilot signal.) In the context 

10 of step 605. each rscde listens foj pilot signak transmitted by other nodes within hearing 
distance mti recovers the. GPS infonriation for each received pilot signal for storage in a 
table such .?..> the location table of FIG. 3 Thus, in step 605 each node collects GPS 
information for noten*id neighboring nodes (Although the particular form of the 
omnidirectional pilot signs! is; no* necessary' for the inventive- concept, for those readers 

15 interested, an. illustrative omnidirectional pilot s.'tfnal is described in the '?bove-referenced, 
co-pending. commonly assigned, U.S. Patent application of Ahmed est al, entitled "A 
Topology' Serais Scheme for Networks v/->h Mobile Nodes") In step 610, each node 
applies computational fjeome.tr/ to the collected GPS itfonnatioa to select those 
surrounding nodes *h*.t facilitats |»sc»raetrio routing and nets up point-to-point links with 

20 the selected nodes (becoming direct neighbors) and forms a direct neighbor table. (An 
illustrative direct neighbor table is shown in. FIG. 8 for node 1.05 of FIG. ! .) Illustratively, 
there are at leas* three way?, a node c:an construct its direct neighbor table using the 
collected GPS Information. 
Construction One-' 

25 Nodsri if ri V iCiff v 7- Fform a imk if and o'oly if there exists a circle with u 

sad ^ on ?hr- ci-cumrcr^nct 1 : that do*s not co.nta.in any cither node w e K 
Constrvct:->n Two: 

Mcc'os w « V on* y <? 7 form an eiige if fc'id only if tb*re sirists a circle with u 
iv?.:l " tb? dLixitcJi'i' iher do?s contain any other r»odfs w £ V, 
30 ConstiV.cvicij Tws: 
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Modes i/ s I 7 and v a V form an edge, if and only if the intersection of the 
»uchi witr« radius D itv . one cc»r^re.-d at u and one centered a v does not 
cor>t:tf5 aiw other nodes u £ IK 
It ctiT' be shown that if zx\y of thasc three constructions is not connected, then no 
5 connected network car* be formed. Constpjction One results in s network that is 
I -mutable In oihe« words, the net work constructed by constaiction. one results in a 
network where the IncaJ neighborhood of any node is the set of nodes that are directly 
connected to it If GRA is used to route, on this network where the loci! neighborhood is 
the I -neighborhood th&\ any nods can szv.c- oackets to any other node. Network 

10 constructions two ?nd three result in sparser networks (the number of links is lower than 
construction one). From simulation experiments, it can be shown that these networks are 
also almost k-routahte. e.g. . for <r = or *<r = 

After forming link.*? with those- nodes within hearing distance that meet one of the 
above-described criteria, each node through limited flooding propagates its link 

15 information (i.e., its direct neighbor table) to enable all nodes to construct their 
It-neighborhood in step 6)5. (Ag&'ft.. it is assumed that all node?, use the same value of k.) 
For example, and referring briefly back to FIG. 1, for a 2-neighhorhood, node 105 
receives the direct neighbor lists from node? 110, 130 and 1.50 to construct the local 
topology table of FIG. 2, (It car be observed from FIGs. 1 and 2 that since node 125 was 

20 the direct neighbor to node 130, i packet received at node 105 and destined for node 125 
is routed by node LOS to node 130.) Siawlsrly, if k was equal to three, then direct 
neighbor information is further propagated through limited flooding (e.g.. node 105 would 
also receive the direct neighbor tables of ncder. 115, 12.0, 125. 135, 140 and 150). For 
example, node 105 transmits its direct neighbor table along with a. "time-to-live" field. 

25 The value of the tinw-to-lsve field h used to flood, or propagate, the direct neighbor table 
information of node 105 to a limited neighborhood. Each node that receives the "time-to- 
live" field and the direct neighbor t able of node 105, decrements the value of the "time-to- 
live" field. A? ioiig. as the v:4\\t of the "time-to-livc" field is greater than zero, that 
receiving node further transmits the direct neighbor table of node 105 to its direct 

30 neighbors (wiih the decremented value of the "timt?-to-live" field). However, when the 
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value of the "time-to-Iive" field teaches sero. that receiving node does not further 
propagate the direct neighbor table of 105. Although not described herein, it can be 
mathematically shown thai: the above described methods for creating a local topology 
generate no loops in the routing. 
5 As noted above, it was assumed that each node knows the location (exact, or 

approximate) of all other nodes within a transmission radius, r. However, as noted above, 
it may be the case that a node is outside of the transmission range of a distant node and, 
therefore, cannot receive location information from that distant node. Although one 
alternative is simoly to drop packets if the location of the distant node is not found, an 

10 alternative location update mechanism sa» rise be used. For example, a lazy update 
mechanism raay be used in which position information is periodically updated. . 

fan this lazy update mecha&ism, each node maintains a list of the locations of all 
lenown nodes along with a time stamp as to when that information was generated by those 
nodes. Let p(i, k) be the position of node k as "seen" by node i and s(i t k) be a l< time- 

15 stamp" at which th«v positional information was generated at node ft. The time-stamp 
provides a vehicle- for determ?ri."».g the ago of the positio;:. information. (As can be 
observed from the discussion abovs, p(L kj i< a variation of !(vj and is two dimensional 
GPS inforrn?.tior_. ilhiffofctivrjly, sfi, k) i< : , an integer value determined as a function of the 
month, day, year and tinae-of-dr.y (using a 24 hcur clock, e.g., 3:90 PM is 1500 hours).) 

20 The location table of FIG. 3 is modified to include the time-stamp field as shown in FIG. 
9, where the reference node, /. is rade ! 50 ov FJG. i. For completers, the table of FIG 
9 includes entries for node ?" itself (hsre, represented by node i 50). This list of position 
and timestarajw 3f a nods /. is referred ro as the location lint, or location table, L(7), at 
node i. 

25 In accordance v/i:.h the iazy update method, each node- periodically transmits its 

position to iu direct nt-ifthhors (or. .ihernauveiy. to all nodes izi its local topology) once 
every t s seconds. Further, once every /;• seconds, each nod? transmits its location list L(\) 
to its direct neighbors feeder, within one h.ov} A iJov- chart of a lazy update method is 
shown in FIG. 10 for u« in ? reiving node. / Let. the receiving node / be a direct 

30 neighbor of node ■'' In st*n 905.. the rftceivinrj node, r, receives locaiion information p(i, k) 
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from all nooo* vii&t are i*s direct neighbors. In step 910, receiving node y, updates its 
location lis? L(j; to reileot the current position and time-stamp for its direct neighbor 
nodes. (At ihis point it is presumed that the lime- stamp information is more recent than 
previous local \opology location Uaiumissionf, stored in L(j).) In step 915, node j receives 
5 the location lists, L(i)s y from direct neighbor nodes, in sxep 920, node j adds and/or 
modifies entry; s \i\ its location list L(j) by performing the following computation for each 
node k € V listed on each of the received location lists (effectively "merging" the various 
location lists}- 

Vfyfl h) "> .y/;, h) then sQ. k) « :.'{7. # and/itf. k) * pft 
10 Else 

do nothing.. 

Also, if nod*:: ? receives from a. node- a tm?e-st?.mp associated with a node, k, not on 
its location lis?, tf*en, by definition, v(i. k) > I'X and node./ adds this aw/ node, k t to its 
location list. Similarly, node j updates location information for a node, i, already listed on 

15 its location list if the received time stamp from a particular location list is more current 
than the existing time-stamp., Le. srt, y > 5$ / r ). On the other hand, if node j has more 
current infomipiion for a particular node fc, Le.. sfi, # < s(j, k), then no change to the 
location list is performed. Thus location information is gradually propagated throughout 
the ad-hoc n*nv,'or!:: by the tn-r^'misrior. of location lists: from one -node to its direct 

20 neighbors This )?±tm upicte procedure results in sigsificanlly leys routing overhead than 
flooding the entire network with the position information, whenever the position 
information changes siraftcantly. 

As can by cb?ervsd frora ths above, rhfve ir; a- certain "w;rnn-up ?1 time for the ad- 
hoc network whttu using a la.Ty update mechanism during which some nodes will not have 

25 any information aboi't distant nodes. As acted ebove, one option for the GRP routing 
method is to ?imp!v discard pp.ckftt? if the location to a distant node is not vet known. 

Also. ■> should he noted rbtf: it is porc- ; b!e for a loop to occur usSng a lazy update 
mechanism For r^amnle. let / he the destination node for « *?.ven packet, and let node v 
receive ':his p<irtet from a nod h. If node v determines that the next hop for the packet is 

30 u y this result* 1 ir: ?. \o'tn T .n order .*o avaid this. vvh«n this sitv.atior happens, nodes u and v 
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exchange /;('//, (/, p/V, u y s(u t tj and a/v, The location of node i is resolved in favor of 
the node that has the more recent information. Both the nodes use this piece of 
information. With Ehu, modification, ii can b(; shown that there can be no infinite loops in 
the route. 

5 Turna^j briefly to FIG. 1 i, a iugti-ievei block diagram of a representative node 905 

for use in the ad-hoc network of FIG. I is shown. Node 905 is a storcd-program-control 
based processes. architecture includes processor 950; memory 960 (for storing 
program instmrtions &nd data, e.g.. for Goc.imunicar.ing in accordance with the above- 
mentioned y;*.omei:ry~b&*ed routing urotocol £nd storing location tables, etc.); 

10 communication mfcsrfaf:©^ 965 for communicating with other nodes of the ad-hoc 
network via conunumcation facilities as represented by path 966; and GPS element 970 
for receiving GPS lecariot information. Node 905 is also referred to as a router. 

As describee above, the itw-jntive concept present i\ simple routing protocol to 
route packers in ad»han networks ~ large or small The foregoing; merely illustrates the 

15 principles of rhe : >r»fcn!ion *nd it: v^ill thus be asorecipxed that those skilled in the art will 
be able to devise numerous alternative arrangements which, although not explicitly 
described heteva. embody the principles of th? irvention and are within »<:$ spirit and scope. 
For example, although the GRP identifies th* closest node to c distant node, the GRP 
could be modified f .o identify any node that, is closer to the distant node than the reference 

20 node. Also, although described k ?Jre context of e wireless application, rhe GRP could be 
used in other fornw of packet networks such *s wired networks, or networks that have 
combination:-; of wrrsd attf w?felo?r. link;-. 
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WHAT IS CLAIMED: 



1 I . A routing method for use in a packet network, the routing method comprising 

2 the steps of: 

3 receiving a packet for transmission to a destination node; and 

4 using a geometry-based routing protocol to route the packet to the destination 

5 node. 

1 2. The r<;vAh:k: method of claim i wherein the using step furcher comprises the 

2 steps of: 

3 determining if the destination node is in a local area of nodes; 

4 if the destination node is not in the local area of nodes, identifying a local area 

5 node closer to the destination node than & source node; and 

6 routing me £ acker lo the identified loot-.! area node. 

1 3. The routing method of claim I wherein the using step further comprises the 

2 steps of: 

3 determining if the destination node is in a local area of nodes; 

4 if the destination node is not in the local area of nodes, identifying a local area 

5 node closer to the destination node than a source node; and 

6 sending the packet to a next bop node on a path to the identified local area node. 

1 4. The routing method of claim 1 wherein the using step further comprises the 

2 steps of: 

3 storing a food topology table comprising a list of nodes that are in a local area of a 

4 source node; 

5 storing a loosdoi? table comprising location information about, nodes of the packet 

6 network; 

7 determining if the destinsiioo node is lin ed in the local topology table; 

8 if the destination r?o-?e is not in the local area of nodes, using f .hn location table to 

9 identify one of the list of nodes in the local area that is closer to the destination node than 
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10 the source node; ajid 

1 1 routing the packet to th* sdeiuiiied Sao*! area node. 

1 5. The routing method of claim 1 wherein the using .step further comprises the 

2 steps of: 

3 storing a local topology table comprising a list of nodes that are in a local area of a " 

4 source node; 

5 storing a location table comprising location information about nodes of the packet 

6 network; 

7 for a node of the packet network outside of the local area, using the location table 

8 to identify one of ?J?e list of nodes in the local area that is closer to it; 

9 storing a routing table, wherein the routing table comprises at least an association 

10 between the node outside of the local araa aod a neat hop node from the local area, where 

1 1 the ne?ct hop node is on a path to the identified local area node; and 

12 using the raiting t?.bie to route uhe pac-bat. 

1 6. Apparatus for use in a node of a packet network, the apparatus comprising: 

2 a memory Coy storing (a) a toc&l topology table comprising a list of nodes tta* are 

3 in a local area of the nodfc. and (b) & location table comprising location information about 

4 nodes of the packet network; .and 

5 a processor ioi routing a received packet to a destination node by determining if 

6 the destination node is listed in the local topology table, and, if the destination node is not 

7 in the local area of nodes, using tbe location table to identify one of the List of nodes in the 

8 local are? thaf \% closer to the fastwtion node than the node' sncf routing the received 

9 packet to the idmti{?f;d local a^ea node. 
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